An interesting candidate gene region for coeliac disease (CD), a common multifactorial disease, is a segment on 2q33-37 harbouring the genes for the CD28, cytotoxic T-lymphocyte-associated antigen-4 (CTLA4), inducible costimulator (ICOS), and programmed death-1 (PD-1), all receptors that regulate lymphocyte activation. Several studies have suggested a role for this locus in immune-mediated diseases. To study further our previous finding of genetic linkage of this region to CD, we studied 25 polymorphic markers to identify the putative disease-associated polymorphism. Transmission/disequilibrium test in 106 Finnish families with CD indicated that only four polymorphisms, all located in the ICOS gene, showed evidence for genetic association. Strong linkage disequilibrium (LD), based on the analysis of 424 haplotypes, encompassed not only the associated ICOS markers but also many polymorphisms in the CTLA4 gene. Our results demonstrate that due to LD, it appears not easy to identify the genuine susceptibility factor in this region without larger multipopulation studies. Furthermore, the results did not support the evidence that polymorphisms in CTLA4 were the major susceptibility locus for CD.
Introduction
There is growing evidence that gene region on 2q33, harbouring adjacently located CD28, cytotoxic T-lymphocyte-associated antigen-4 (CTLA4) and inducible costimulator (ICOS) genes, contains a susceptibility locus or loci for a number of autoimmune and immunemediated diseases, 1 including, for example, type I diabetes, autoimmune thyroiditis, multiple sclerosis and coeliac disease. It is of note that all these diseases also show strong genetic association to human leucocyte antigen (HLA) class II alleles. Hence, it is possible that these two loci, both involved in the crucial initiation steps of the cellular immune response, act together conferring susceptibility. The CD28, CTLA4 and ICOS molecules play a pivotal role as secondary signal molecules in the T-lymphocyte activation. 2 Most studies thus far have focused to one particular single-nucleotide polymorphism (SNP) in the CTLA4 gene, usually called CTLA4 þ 49 A/G, as this SNP was the one first published and found to be associated with type I diabetes. 3 However, there is no actual evidence that the CTLA4 þ 49 SNP as such were the genuine susceptibility factor. Owing to strong linkage disequilibrium (LD) in the region, 4 the identification of the primary susceptibility polymorphism may not be an easy task. Also, similar to the HLA loci, there can be multiple alleles or genes playing a role. Several studies have demonstrated that the expression level and the function of CTLA4 showed association to genetic variation in the region, [5] [6] [7] [8] [9] although again due to the LD, it is not clear which polymorphism actually caused the functional variation. Important and interesting results have been provided by using in vitro mutagenesis that the CTLA4 þ 49 G (Ala) allele, which introduces a hydrophobic amino acid in a highly conserved position, changes glycosylation in one of the two possible sites. Ala homozygotes may express one-third less CTLA4 on the surface of their T cells than Thr (CTLA4 þ 49A) homozygotes. 10 In addition to the known polymorphisms in the CTLA4 gene, the other two genes in the region are also polymorphic. The CD28 is known to have one microsatellite 11 and ICOS two microsatellites and eight SNPs. 12, 13 However, their roles in disease associations have not been studied systematically, except for two recent studies. 12, 14 Coeliac disease (CD) is a common multifactorial disorder characterised by autoimmune-like small intestinal injury triggered by dietary gliadin and related proteins. 15 Patients can also be clinically silent or present various extraintestinal symptoms. Genetic susceptibility is well established. So far, the only susceptibility locus confirmed in various studies is located in the major histocompatibility complex on chromosome 6p21.3. Practically all patients have the HLA class II alleles DQA1*05, DQB1*02 or DQB1*0302. 16 The strong HLA association does not, however, explain the whole susceptibility to the disease. The HLA locus has been estimated to account for B30% of the whole familial risk of CD leaving a definitive role for other genetic, as well as environmental factors in disease susceptibility. [17] [18] [19] [20] Eight whole genome screenings [21] [22] [23] [24] [25] [26] [27] [28] for the additional risk loci have been reported so far with inconsistent results between populations. In addition to systematic screening, many candidate gene approaches have been carried out. We reported genetic linkage between seven markers in 2q33 and CD in 100 Finnish families with affected sib-pairs. 29 The same region has subsequently been confirmed to show linkage to CD in a Scandinavian study also, 30 in which an association to CTLA4 allele þ 49*A was also observed, supporting the findings of a French case-control study. 31 The association of the allele A was also detected in another Italian case-control and family study. 32 Also, families from the UK showed a significant association, not with CTLA4 but microsatellite D2S2214 33 ( Figure 1 ). In contrast, no evidence for this region was found in a study of Italian and Tunisian families. 34 Despite the genetic linkage found in our previous study, 29 the markers studied did not show allelic association in Finnish families. As an attempt to narrow down the interval carrying a putative disease predisposing gene and to study the LD in the region more systematically, we now report the genetic analysis of 24 polymorphic markers in a 3.4 Mb segment of 2q33 region and one SNP in the gene of programmed death-1 (PD-1) in 2q37 region in 106 CD families from Finland. PD-1 (called also PDCD1) is an activation-induced inhibitory receptor expressed on T cells, B cells and monocytes, 35 and it has suggested to be an important factor in the prevention of autoimmune diseases. 36 
Results
Initially, association between 23 genetically polymorphic markers located in the CD28-CTLA4-ICOS and PD-1 gene region and CD was studied in 106 families. The markers and their locations are shown in Figure 1 . The four novel SNP markers, which were found in the present study by sequencing, are described in Table 1 . In the novel microsatellite marker CD28(CTTT)n, 14 alleles were observed, giving a heterozygosity of 80%. The shortest allele has an apparent amplicon length of 821 bp, the remaining ones ranged from 841 to 889 bp. Allele frequencies of all markers are given in Table 2 .
Transmission/disequilibrium test (TDT) suggested several nominally significant findings (Table 3) . Near the CD28 and CTLA4 genes only one marker, D2S2214, showed statistically significant TDT: allele 7 (286 bp) showed a negative association (P ¼ 0.029). On the other hand, it was of particular interest that four SNPSs ICOS IVS þ 173T/C, ICOSc.602A/C, ICOSc.1624C/T and ICOSc.2373G/C in the ICOS gene showed statistically significant TDT results (Po0.05 in all cases). These test statistics, however, did not remain statistically significant when their significance was evaluated using permutation. The most significant finding was for allele T of ICOS IVS þ 173T/C: 35 transmitted versus 15 nontransmitted alleles (P ¼ 0.005). We also studied two CTLA4-linked SNPs, MH30 and CT60, which were reported to associate with Grave's disease, autoimmune hypothyroidism and type I diabetes in a recent study, 14 and genotyped the PD-1.3 marker in the PD-1 gene, which recently was reported to be associated with susceptibility to systemic lupus erythematosus. 37 These three markers showed no evidence for association with CD by the TDT analysis (Table 3) .
To analyse the possible association with the ICOS markers further, we studied the transmission of ICOS haplotypes in the families (Table 4) . Haplotypes including all the eight ICOS markers were constructed. Haplotype T-C-A-T-C-T-G-G, that is, the haplotype including all the four ICOS alleles showing the nominal association in the original TDT test (first, second, sixth and eighth marker in the haplotype), showed a T:NT ratio of 17:2 (P ¼ 0.0006 by TDT, relative risk 1.14, 95% CI 0.54-2.0). This suggests that the individual associated 
The location is counted from A of the transcription initiator codon. The allele frequencies are calculated among unaffected founder individuals (N) in the present families. alleles actually formed a single haplotype, which showed transmission preference to affected children. Although the overall LD across the whole 2q33 region was surprisingly high both in the transmitted (Figure 2a ) and nontransmitted (Figure 2b ) haplotypes, in general, this particular haplotype appeared not to extend as a single conserved segment outside the ICOS gene. Hence, the susceptibility polymorphism should locate very close to, or within, the ICOS gene. To test this possibility, we sequenced the exons of the ICOS gene in one individual with this haplotype to probe, whether it contained any novel variation not detected in our original screening. 13 Indeed, we found two novel SNPs in the noncoding region of the last exon: ICOS þ 1720C/T and þ 2033 G/A (Table 1 ). All the 106 families were genotyped for these two novel polymorphisms and TDT was performed, but no evidence for association was found (Table 3) .
LD analysis of all haplotypes in the families indicated that there appear two segments with high gametic association (Figures 2a and b) . First, markers located in the CD28 and CTLA4 genes or telomeric-flanking regions (D2S72 and ICOS-693G/A) were strongly associated with each other. Second, the markers within the ICOS gene showed strong LD.
Discussion
Although the chromosome 2q33 region has been of considerable interest as a candidate susceptibility locus for many autoimmune-related diseases, only a few systematic studies encompassing all the region, including, for example, three related genes, CD28, CTLA4 and ICOS, have been carried out so far. Most studies have focused on the CTLA4 gene only-an obvious candidate 
In all, 25 markers in 106 families were studied. Actual numbers of transmitted (Trans) and nontransmitted (Nontrans) are given only for alleles giving statistically nominally significant TDT. Relative risk (RR) with 95% confidence intervals (CIs) are calculated for the associated alleles. in the region, but the role of other genes cannot be automatically ruled out. In type I diabetes, the susceptibility gene on 2q33 was mapped by Marron et al 11 into a 100 kb fragment harbouring CTLA4 gene. Ihara et al 12 screened polymorphisms in all the three genes and concluded that CTLA4 polymorphisms were the best candidate for type I diabetes. Furthermore, Ueda et al 14 could recently demonstrate that the susceptibility to type I diabetes, Grave's disease and autoimmune hypothyroidism maps to polymorphisms in a noncoding 6.1 kb 3 0 -end region of CTLA4 and most interestingly, seems to correlate with alternatively spliced forms of CTLA4 transcript. In CD, we could not find any definitive evidence for CTLA4 or CD28 genes among nearly 800 European families with CD in a recent collaborative study; although linkage in the region was confirmed, the associated polymorphisms were rather inconsistent and population specific. 38 In addition, we could not find evidence in the present study for the role of the two most interesting markers, CT60 or MH30, 14 although we must note that the ability to detect minor susceptibility loci with low relative risks was low for the present family material. Taken these together, the chromosome 2q33-linked susceptibility locus in CD may differ from that in type I diabetes.
In the present paper, preliminary evidence for the ICOS gene, rather than CTLA4, was provided in the Finnish families with CD. To our knowledge, the present study was the first one in CD studying systematically markers across the entire gene cluster and extended also to the PD-1 gene. ICOS can be regarded as a good candidate in an HLA class II-associated disease, since it acts as a secondary stimulatory molecule in the T-cell activation. [39] [40] [41] Its expression is induced on activated T-lymphocytes and its ligands are expressed on Blymphocytes and some nonimmune tissues. Of potential interest is that ICOS is critical to CD40-mediated antibody class switching, 42 as CD is characterised by diagnostic anti-tissue transglutaminase autoantibodies of IgA class. 43 It has been speculated that these autoantibodies might have a direct role in the pathogenesis of the disease, 44 although the topic certainly is controversial. Whether any of the polymorphisms described in the present paper have effect on the function or expression of ICOS requires further studies. Also, based on some recent findings, 14 ,45 a more detailed study of polymorphisms in the introns and other noncoding regions of ICOS is definitely warranted.
LD is remarkable on 2q33 region, especially between intragenic polymorphisms in each of these three genes. In the present study, LD divides into two sections, strong LD appeared between polymorphisms in the genes of CD28 and CTLA4 and again within markers of ICOS, thus ICOS builds up into its own block of LD. Three separate blocks of LD, each including one of the genes CD28, CTLA4 and ICOS, in the region was detected in two recent papers. 12, 14 The higher level of LD in the present study may result from the founder effect typical to the Finnish population. Strong LD complicates the identification of the primary polymorphism, so more detailed haplotype analyses are required. 
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Materials and methods

Patients
A total of 106 Finnish CD families were studied. Of these, 83 of the families and five markers (D2S116, D2S2214, CTLA4 þ 49A/G, CTLA4(AT)n and D2S2189) were the same as studied in our original linkage report, 29 and the same 83 families were included in the EU collaborative study 35 in which seven markers (D2S116, D2S2214, CD28(CAA)n, CTLA4-318C/T, CTLA4 þ 49A/ G, CTLA4(AT)n and D2S72) overlapped with the present study. As only an association study was carried out, parent-child trios were under study. All families included one randomly selected affected child and both parents. The families were initially recruited through the Finnish Coeliac Society by advertising in the patients' newsletter. The recruitment and clinical findings have been published elsewhere. 46 Briefly, the earlier diagnoses were re-evaluated by scrutinising the medical records. Antibody screenings were performed to reveal the asymptomatic cases. The diagnosis was based on initial small bowel biopsy (or skin biopsy from dermatitis herpetiformis patients). The study protocol was accepted by the Ethics Review Board of the Tampere University Hospital.
Genetic markers and novel polymorphisms One previously described and two novel CD28 gene polymorphisms were genotyped. Trinucleotide repeat CD28(CAA)n in the 3 0 -untranslated region was genotyped as originally described. 11 The novel polymorphisms were identified in the present study by sequencing the 5 0 -flanking sequence of 770 bp upstream from the initiator codon. According to the public reference sequence in clone AF225899, a CT-rich stretch of about 315 nt in length is located at position À725 to À440 upstream from the CD28 transcription initiation site. The sequencing of the variable region revealed that the microsatellite is not a clear CTTT repeat but there are also some CCTT and CT repeats between CTTT repeats. The length of the sequence containing varying forms of repeats is about 315 bp. The difference between longest and the shortest allele is 69 bp. Both novel polymorphisms at CD28 promoter, the SNP À594*A/G and the tetranucleotide repeat CD28(CTTT)n, were genotyped from a PCR fragment with an average size of 850 bp amplified with forward primer 5 0 CCAGAGGGCTAC CTTATGTCCTACAC and reverse primer 5 0 CACTACAT GATGGGCTTATGGGAA. For CD28(CTTT)n genotyping, a fluorescently labelled forward primer was used, and the size of the alleles were determined by electrophoresis using ABI PRISM 310 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA). The dimorphism À594*A/G was typed by RFLP method, the amplified PCR product was digested with HinfI restriction enzyme, resulting in B530 and 317 bp fragments for allele G and an intact fragment of B850 bp for allele A. The SNP MH30 was genotyped with ABI PRISM SNaPshot Multiplex Kit (Applied Biosystems) using T-tailed SNaPshot primer 5 0 (T) 10 AATAAAGGTGAAAATTTTCT. The primers for PCR amplification were 5 0 GGCAGAAGGA GAAAATCAAAG and 5 0 TCACCTGAGGTTGGGAGTTC. Three known polymorphisms within the CTLA4 gene were genotyped. Two dimorphisms, þ 49*A/G in the exon 1 46 and -318*C/T in the promoter region, 47 were typed by PCR/RFLP method, using primers 5 0 AACCC AGGTAGGAGAAACAC and 5 0 GCTCTACTTCCTGAA GACCT and BbvI digestion for CTLA4 þ 49*A/G, and primers 5 0 TTACGAGAAAGGAAGCCGTG and 5 0 AAA TGAATTGGACTGGATGGT and MseI digestion for CTLA4 þ 318*C/T. A polymorphic AT repeat, CTLA4(AT)n, in the 3 0 -untranslated region of CTLA4 gene 48 was genotyped with fluorescent-labelled forward primer 5 0 GTGATGCTAAAGGTTGTATTGC and reverse primer 5 0 AAAACATACGTGGCTCTATGCAC using ABI PRISM 310 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA). The SNP CT60 (CTLA4 þ 6230G/ A) was genotyped by PCR/RFLP method, using primers 5 0 GGGTGCATGAAGGTTTCTGA and 5 0 AGCCACAGG GAAAAGCTCTA, and enzyme TaiI.
Eight ICOS polymorphisms were genotyped as originally described. To study the length of the linked region, five other microsatellite markers spanning B3400 kb region ( Figure 1 ) were genotyped. Genetic maps of the Genome Database, National Center for Biotechnology Information and Genethon were used. Two microsatellites (D2S116 and D2S2214) are located centromeric to CD28, one (D2S72) is situated between genes CTLA4 and ICOS and two microsatellites (D2S1271 and D2S2189) are located telomeric to ICOS. The microsatellites were genotyped using standard PCR methods with fluorescentlabelled primers and ABI PRISM 310 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA).
The SNP PD-1.3 was genotyped by PCR/RFLP method. 37 
Data analysis
The TDT test was calculated by Genehunter 2.1 to investigate genetic linkage in the presence of allelic association. The TDT compares transmitted versus nontransmitted alleles from a heterozygous parent to affected offspring. 49 Single and two, three and four locus TDT with nominal P-values were calculated. To take multiple testing into account, statistical significance of TDT statistics were also estimated by permutation, using 10 000 replicates. Test of LD was performed by ARLE-QUIN program package 50 for all pairs of markers among 212 independent founder haplotypes constructed by Genehunter 2.1. The test is an extension of Fisher exact probability test on contingency tables and it utilises a Markov chain to explore the tables.
Power in the TDT was estimated using the Genetic Power Calculator (http://statgen.iop.kcl.ac.uk/cgi-bin/ powercalc/dtdt.cgi). We assumed that the disease prevalence was 0.01 and D 0 was 0.99. Assuming (i) that the marker frequency was 0.4 and (ii) that the relative risk for disease allele heterozygote was 2 and for homozygote 4, the power was estimated to be 77, 80 and 20% when the frequency of the disease allele was 0.5, 0.3 and 0.1, respectively.
